Nitrite, produced by ammonia oxidizing bacteria (AOB), was traditionally thought to be the only cause of microbiologically mediated decay of chloramine. The development and application of microbial decay factor method and bacterial community studies, for the first time have revealed many other factors such as soluble microbial products (SMPs) and bacteria other than AOB mediating the decay of chloramine.
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In all states of Australia, chloramine (NH 2 Cl is formed using chlorine and ammonia -Cl 2 +NH 3 !NH 2 Cl+HCl) has been used as a secondary disinfectant in drinking water distribution systems to comply with drinking water quality guidelines. About seven million people in Australia drink chloraminated water. Chloramine offers several advantages over chlorine: chloramine continues to remain active in long water-supply systems even in warmer climates; it inhibits the growth of pathogens such as Naegleria fowleri 1 ; and it produces fewer carcinogenic disinfection by-products 2 in water distribution systems.
Although somewhat resilient towards decay (i.e. to Cl -and free NH 3 ), as the chloraminated water travels along the distribution system, the disinfection residual gradually starts to decrease due to self-decay and chemical interactions of chloramine with water constituents (such as organic carbon, bromide, iron) that are prevalent in the distribution system 3 . The continuous release of free NH 3 in smaller concentrations trigger growth of ammonia oxidising bacteria (AOB) in chloraminated distribution systems and AOB oxidise ammonia to nitrite that accelerates the decay of chloramine. With a focus on controlling accelerated decay of chloramine, much of the research was focused traditionally towards AOB communities in chloraminated systems. The AOB Nitrosomonas oligotropha and Nitrosospira were found ubiquitous in chloraminated systems 4, 5 . In addition to AOB, heterotrophic bacteria (measured by the heterotrophic plate count method)
were observed dominating specifically after/or closer to the onset of nitrification and in some instances, an increase of abundance has even been observed prior to the onset of nitrification 4, 6 . The pH and temperature can impact AOB activity as well as chemical instability of chloramine 3, 6 . The utility operators find it difficult to predict at which combination of chlorine, ammonia and temperature, nitrification starts to take place in a distribution system.
Hence, they operate their reservoirs with frequent rechlorination to control free NH 3 to the lowest possible level. However, even small operational interruptions lead to nitrification with an accelerated loss of chloramine in distribution systems.
Questioning the traditional belief that nitrite produced by AOB is the only cause of microbial chloramine decay and with the idea that chloramine decay should be measured to control residuals, Sathasivan et al. 7 developed a microbial decay factor method to distinguish chemical and microbial mediated components of the decay.
In Focus
The method used filtration (0.2 mm) or inhibition (100 mg-silver L In our studies 10, 12 , the SMPs accelerating chloramine decay was evident only after the onset of nitrification. The reactors R-1 and R-2 (Figure 1a ), which are upstream of R-3 (where the onset of nitrification occurs (Figure 1b) ), also foster bacterial growth and these bacteria may also have released SMPs into the bulk water.
However, due to a low abundance of bacteria, the bulk water SMPs concentration in these two reactors may not have reached the minimum specific concentration required to facilitate a noticeable decay of chloramine. Similarly, within the nitrified waters, there were microbes other than nitrifiers present 9 and these microbes may also have contributed towards production of these SMPs
13
.
While SMPs may accelerate chloramine decay, only a more comprehensive understanding of SMPs could enable development of engineering solutions to mitigate chloramine decay in chloraminated drinking water distribution systems.
Chloramine decay by microbes other than nitrifiers
Both full and lab-scale studies have clearly demonstrated the prevalence of microbial decay of chloramine before the onset of nitrification in chloraminated distribution systems 8, 9, 13 .
Well-known nitrifiers were rarely detected in both bulk water and biofilm (inlet HDPE pipe shown in Figure 1a ) prior to the onset of nitrification, and bacterial genera such as Mycobacterium and
Pseudomonas were found dominating in R-1 and R-2 of our lab-scale chloramination system (Figure 2 ). High abundances of Mycobacterium (41-61% in bulk water and 48-59% in biofilm)
and Pseudomonas (2-10% in bulk water and 3-26% in biofilm)
were observed before the onset of nitrification (Figure 2 ). The diverse metabolic capacity of these bacteria raises questions on whether they are able to directly or indirectly utilise chloramine.
Mycobacterium and
In summary, accelerated chloramine loss after the onset of nitrification was noted due to SMPs that are protein-like in nature.
There was no positive correlation between AOB activity and the chloramine decay rate (both in bulk water and biofilm) in the labscale system and this suggests a possible involvement of other bacteria in the decay of chloramine. 
